The active site of blood coagulation factor Xa. Its distance from the phospholipid surface and its conformational sensitivity to components of the prothrombinase complex.
The location of the active site of membrane-bound factor Xa relative to the phospholipid surface was determined both in the presence and absence of factor Va using fluorescence energy transfer. Factor Xa was reacted with 5-(dimethylamino)-1-naphthalenesulfonyl- glutamylglycylarginyl(DEGR) chloromethyl ketone to yield DEGR-Xa, an analogue of factor Xa with a fluorescent dye attached covalently to the active site. When DEGR-Xa was titrated with phosphatidylcholine/phosphatidylserine vesicles containing octadecylrhodamine, fluorescence energy transfer was observed between the donor dyes in the active sites of the membrane-bound enzymes and the acceptor dyes at the outer surface of the phospholipid bilayer. Based on the dependence of the efficiency of singlet-singlet energy transfer upon the acceptor density and assuming kappa 2 = 2/3, the distance of closest approach between the active site probe and the surface of the phospholipid bilayer averaged 61 A in the absence of factor Va and 69 A in the presence of factor Va. These direct measurements show that the active site of factor Xa is located far above the membrane surface. Also, association of factor Xa with factor Va on the membrane surface to form the prothrombinase complex results in a substantial movement of the active site of the enzyme relative to the membrane surface. The 5-(dimethylamino)-1-naphthalenesulfonyl emission in the complete prothrombinase complex was distinct from that in any other combination of components. It therefore appears that the optimum conformation of the prothrombinase active site is achieved only when factor Va, Ca2+, and a membrane surface interact simultaneously with factor Xa. Thus, in addition to its previously demonstrated ability to stimulate factor Xa binding to membranes, factor Va, upon association with factor Xa on a phospholipid surface, allosterically induces a particular active site conformation in factor Xa and also positions the active site at the correct distance above the membrane for prothrombin activation.